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ABSTRACT. Numerous studies have described
the F-actin cytoskeleton: however, little infor-
mation relevant to G-actin is available. The actin
pools of bovine aortic endothelial cells were ex-
amined using in situ and in vitro conditions and
fluorescent probes for G-{deoxyribonuclease], 0.3
uM) or F-actin (phalloidin. 0.2 uMj). Cells in situ
displayed a diffuse G-actin distribution. while F-
actin was concentrated in the cell periphery and
in fine stress fibers that traversed some cells.
Cells of subconfluent or just confluent cultures
demonstrated intense fluorescence, with many F-
actin stress fibers. Postconfluent cultures resem-
bled the condition in situ; peripheral F-actin was
prominent, traversing actin stress fibers were
greatly reduced and fluorescent intensity was di-
minished. Postconfluency had little influence on
G-actin, with only an enhancement in the inten-
sity of G-actin punctate fluorescence. When post-
g tonfluent cultures were incubated with cytochal-
Za51n D {15 min; 10™* M)}, F-actin networks were
dlsrupted and actin punctate and diffuse fluores-
cence increased. G-actin fluorescence was not al-
D tered by the incubation. Although its unstruc-
o tured nature may account for the minor changes
B ,; observed, the stability of the G-actin pool in the
J presence of notable F-actin modulations sug-
gested that filamentous actin was the key con-
stituent involved in these actin cytoskeletal al-
terations. A separate finding illustrated that the
concomitant use of actin probes with image en-
hancement and fluorescent microscopy could re-
veal simultaneously the G- and F-actin pools
within the same cell.
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here are several pools of actin within
Tnonmuscle cells (Korn 1982). Polvm-
erized actin comprises the filamentous
pool (F-actin). while monomeric actin
forms the globular pool (G-actin). In acdi-
tion. F-actin interacts with othier contrac-
tile proteins to form complexes known as
stress fibers. A number of qualitative
studies have defined the distribution of F-
actin and stress fibers in vascular endo-
thelial cells under various conditions
(Gabbiani et al. 1983. Gabbiani et al.
1975, Kalnins et al. 1981. Welles et al.
1985a.b. White ct al. 1983, White nand
Fujiwara 1986. Wong et al. 1983). How-
ever, there is little qualitative information
concerning F-actin and stress fiber ar-
rangement relative to the distribution of
G-actin. This information is necessary to
verify quantitative findings and to under-
stand better the degree of interaction
among the various pools of actin. Such an
understanding is important. since actin
cytoskeletal changes are reported to influ-
ence such diverse endothelial cell activi-
tics as motility (Bottaro et al. 1985).
permeability (Bottaro et al. 1986, Welles
et al. 1985a.b) and metabolism (DuBose et
al. 1987, 1989).

A widely used approach for the visuali-
zation of the F-actin pool emplovs the ca-
pacity of a fluorescent labeled mushroom
toxin. phallmidin, to bind specifically with
polymerized actin (Weiland and Faulstich
1978). In (his report. a similar approach
has been emploved to observe G-actin. De-
oxyribonuclease I {DNase 1) interacts with
this protein (Hitchecock 1980. Mannherz et
al. 1980) and when conjugated with a flu-
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orescent element, DNase | can serve as a
probe for G-actin. The current study de-
scribes the distribution of the actin pools
in bovine aortic endothelial cells (BAEC)
in situ and in vitro.

MATERIALS AND METHODS

The in situ preparations were obtained
as described previously (Rogers and Kal-
nins 1983a). Bovine aortas were cleaned
of adventitia, rinsed in Hanks' balanced
salt solution (HBSS: GIBCO. Grand Island,
NY), treated with 100% methanol (—20 C:
4 min) and then with 100% acetone (—20
C; 2 min). After fixation, the vessels were
washed in HBSS, cut inte 0.5 cm? sections
and dried in a stream of freon. Next. a
section was placed. endothelium side
down, on a coverslip that was positioned
on an aluminum plate cooled (=60 C) in a
dry ice/ethanol bath. When ice crystals
formed in a water drop placed near the
segment, the segment was pried free to
leave the endothelium attached to the cov-
erslip.

The in vitro culture of BAEC employed
modifications of procedures described pre-
viously (Jaffe et al. 1973). The aorta was
rinsed in HBSS and a lateral cut was made
to expose the tunica intima. A sterile scal-
pel blade was used lightly to scrape the
endothelial cells from the vessel. Scrap-
ings were deposited in collagenase (1 mg/
ml; Cooper Biomedical, Malvern, PA) and
incubated at 37 C for 10 min. Four milli-
liters of supplemented (10% fetal calf
serum, penicillin:streptomycin (100 units/
ml:100 gg/ml) and glutamine (0.29 mg/
ml); GIBCO) Dulbecco’s modified Eagle’s
Medium (DMEM; GIBCO) were then added.
The cell suspension was centrifuged (3000
X g for 5 min). The fluid was aspirated.
the pellet suspended in supplemented
DMEM (5 ml) and the solution pipetted into
a tissue culture flask (Falcon 3013: Becton
Dickinson, Lincoln Park. NJ). Cells were
maintained on supplemented DMEM in a
5% CO, incubator until they reached con-
fluency (day 6). The culture was then
rinsed with HBSS and the cells removed
with 0.3 ml trypsin solution (0.5 mg/ml;

g

GIBCQOj). Cell number was determined and
serial dilutions in supplemented DMEM
were made to obtain a final dilution of 10
cells/ml. A 0.5 m! volume was placed in
each well of a 24-well tissue culture plate
(Falcon 3047: Becton Dirkinson). In addi-
tion to supplemented DMEM., these cells
were maintained with endothelial cell
growth supplement {30 ug/ml: Collabora-
tive Research. Bedford. MA) until small
patches of growth were discernable by mi-
croscopic examination. After this point.
cells were maintained with supplemented
DMEM only. Cultures were observed for 2
weeks after obtaining confluency to en-
sure that they were free of smooth muscle
contaminailts, after which they were re-
moved with trypsin, seeded into tissue cul-
ture flasks and grown to confluency. Cells
were then harvested, resuspended at a {i-
nal concentration of 1 x 10° cells/ml sup-
plemented DMEM and stored in an envi-
ronment of liquid nitrogen until needed.
From this stock. seedings were made on
glass coverslips at a density of 1.5 x 10?
cells/ecm®. After culture for 3. 6. 10. 20 or
32 days. the cells were fixed in 3.7
formalin as described previously (Welles
et al. 1985a.b). In other studies, post-
confluent cultures {day 9) were treated
with cytochalasin D (107" M. 15 min) to
alter F-actin arrangement and then fixed
with formalin.

Rhodamine conjugated to phalloidin (R-
P) or to DNase [ (R-DNase I} (Molecular
Probes, Eugene, OR) served as probes to
delineate the F- and G-actin pools. respec-
tively. To permit probe entry, the endothe-
lial cell membranes were permeabilized
with 80% acetone (10 min) as described
previously {Welles et al. 1985a.b). Cells
were then treated with R-P (0.2 M) or R-
DNase I (0.3 gM) for 10 min. after which
the cultures were washed with HBSS five
times. A Zeiss microscope equipped with a
40X water immersion objective and filters
appropriate for rhodamine excitation was
used to observe the cell fluorescence. Pho-
tographs of the fluorescence were taken
using Tri-X Pan film (Kodak: 400 ASA).

utomatic expozure times were ciuploy ed
for the photographs of BAEC in situ. When
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in vitro postconfluency state was studied.
the same film exposure time was used that
was found to be optimal for cultures at
their first day of confluency (day 6). Ex-
posure time for print development was
also the same as that used for day 6 cul-
tures. In this manner, changes in {fluores-
cence intensity could he detected. In the
study of cytochalasin D effects. the film
and print exposure times were the same
as that noted for cultures prior to cvto-
chalasin D treatment.

To illustrate concomitant observations
of the G- and F-actin pools within the
same endothelial cell, fluorescein DNase |
(12 uM) and R-P (0.£45 uM) were emploved.
The high concentralion of DNase I was
used to compensate for the rapid quench-
ing of the fluorescein. Permeabilized
BAEC were exposed to R-P for 10 min,
washed with HBSS and then exposed to
fluorescein DNase I for 10 min followed by
another HBSS wash. The first image was
acquired using a standard fluorescein fil-
ter set, while a second image of the same
specimen was obtained using a standard
rhodamine filter set. Collection and reso-
lution of the fluorescent images were op-
timized using a Plan Neofluar 100 X 1.3
oil objective (Carl Zeiss. Oberkochen. Ger-
many) and a cooled CCD Camera (model
Star-1, Photometrics Ltd.. Tucson, AZ).
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The total exposure time for both images
was approximately 4 sec. which mini-
mized photobleaching and maximized
contrast. The film was processed using an
Image-1/AT Svstem [Universal Imaging,
West Chester. PA). With this system. the
two digital images were re-registered (o
correct for slight optical filter misalign-
ments and o adjust color perception so
that the fluorescence of fluorescein and
rhodamine appeared green and vellow-or-
ange, respectively. The final photograph
was produced on Ektachrome film (Kodak:
400 ASA).

RESULTS

A comparison of the in situ G- and F-
actin distributions in BAEC is illustrated
in Fig. 1. G-actin appeared to be distrib-
uted diffusely, wicth enhanced fluores-
cence near the nucleus. such that this
organelle was highlighted in the photo-
graphs (Fig. 1A). Fluorescence intensity
associated with in vitro G-actin (Fig. 2. A-
E) was greater than that observed under
conditions in situ. However. distributions
of G-actin were diffuse in both the BAEC
in situ and in vitro. The fluorescence as-
sociated with in vitro G-actin was en-
hanced in the region of the cell nucleus
and diminished in the cell periphery,
which also demonstrated the sim‘larities

Fig. 1. BAEC fixed in situ and exposed to R-DNase 1 (AL o0 2P (B) o demanstrate the distribution ot G- or Factn,
respectively Coactin (AY was diffuocly distributed and highlighted the arca of the cell nudeus ) Factin was
concemirated in the cell periphery and served to highlight the cell penphery. Some cells also shawed thin b actin stree

fibers tarrows) that traversed the cell. Scale bar = 10 gm.
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of the G-actin distributions in vitro and in
situ. Other than the appearance of areas
of bright punctate f{luorescence, first
noted on day 20 (Fig. 2D). and increased
by day 32 (Fig. 2E}. changes in the degree
of BAEC confluency had little effect on the
distribution of in vitro G-actin.

A low level of fluorescence was associ-
ated with in situ F-actin (Fig. 1B). F-actin
was most concentrated in the cell periph-
ery. casting an outline of the cell shape.
Some cells also demonstrated the presence
of fine stress fibers composed of F-actin
that traversed the cell. In contrast, the F-
actin fluorescence intensity was greatiy
increased for cultured cells (Fig. 2. F and
G). Many F-actin stress fibers could be
seen traversing the cells and in the ceil
periphery. Unlike in vitro G-actin. the in
vitro F-actin distribution was dramatically
altered by the degree of confluency. Sub-
confluent BAEC cultures (day 3: Fig. 2F)
had cells with many stress fibers. while
other cells had a more diffuse distribution
with fewer stress fibers. Cultures on their
first day of confluency (day 6: Fig. 2G)
demonstrated intense fluorescence and
numerous F-actin stress fibers traversed
most cells. Four days postconfluency (day
10: Fig. 2H). there was an increase in the
number of areas within the monolayer in
which fluorescence intensity was dimin-
ished and the density of stress fibers was
decreased. Fourteen days postconfluency
(day 20: Fig. 2I), these areas were more
prominent. Other than differences in their
shape and size. BAEC now more closely
resembled those seen in situ, since F-actin
was generally noted in the cell periphery
and few F-actin stress fibers could be
demonstrated. At day 32 of culture (Fig.
2Jj. F-actin distribution was similar to
that seen at day 10 or 20 of culture.

G-actin remained diffusely distributed
and of similar fluorescence intensity after
exposure to cytochalasin D (Fig. 3, A and
B). This was in contrast to the effects of
such exposure on the F-actin pool (Fig. 3.
C and D). F-actin stress fiber networks
were disrupted and there was an increase
in diffuse and punctate fluorescence
within the cells (Fig. 4D).

[

Simultaneous in vitro observation of the
BAEC G- and F-actin pools is illustrated in
Fig. 4. As noted when the actin pools were
observed separately in different cells, the
G-actin pool (green) appeared diffuse in
nature and concentrated in the area of the
nucleus. while F-actin (vellow-orange) was
observed along the cell periphery and in
stress fibers that traversed the cell.

DISCUSSION

There is a paucity of qualitative infor-
mation concerning F-actin distribution
relative to that of G-actin. Although
DNAse I will interact with tropomyosin,
this interaction is believed to be at a dif-
ferent site or to occur at a much reduced
affinity compared to G-actin {Payne and
Rudnick 1986). Moreover. tropomyosin
does not prevent formation of the G-actin-
DNAse | complex (Hitchcock et al. 1976).
DNase I has been usecd tn quantitate actin
(Blikstad and Carlsson 1982, Blikstad et
al. 1978, Heacock et al. 1984, Heacock and
Bamburg 1983a.b}. This method relies.
however, on the effertiveness of buffer
systems to ensure that the actin polymer-
ization state remains constant when the
amount of actin comprising the F-actin
pool is determined. The failure to maintain
the actin polymerization state may be a
source of error and account for some in-
consistencies in quantitative findings
(Heacock and Bamburg 1983b). Qualita-
tive studies may aid not only our under-
standing of the interaction between the
various pools of actin, but also may help
to clarify quantitative data. The technique
described here uses fluorescently labeled
DNase I to visualize the G-actin pool rela-
tive to the F-actin pool.

As might be expected for an unstruc-
tured. monomeric form of a protein. G-
actin distribution was dittuse both in situ
and in vitro. As noted previously for in
vitro F-actin (Rogers and Kalnins 1938305},
the level of fluorescence associated with
in vitro G-actin was greater than that ob-
served for the in situ condition. This sug-
gested that cultured cells have more G-
actin. However, since these were qualita-
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Fig. 3. Postconfluent BAEC (day 9) were treated (B and D) with cytochalasin D and then exposed to R-DNase 11G-actin
probe; A and B) or R-P {F-actin probe; C and D). The G-actin pool was not affected by cytachalasin D, since hoth
nontreated (A) and treated (B) cells demonstrated diffuse G-actin distribution and enhanced fluorescence surrounding
the cell nucleus (N). Prior to cytochalasin D treatment (C), F-actin was distributed in numerous stress fibers that were
located in the cell periphery or traversing the celi. In addition, some areas of punctate fluorescence {arrows) were
noted. After treatment (D), stress fibers were disrupted and many areas of intense, diffuse (X) and punctate tarrows]
fluorescence were seen. Scale bar = 10 yum.

E

tive observations using different fixation ied to establish fully the differences in G-
procedures, G-actin quantitative methods actin levels for the in situ and in vitro
on similarly treated samples must be stud- conditions. Although there was increased

Fig. 2. BAEC examined at various points of confluency under in vitro conditions were exposed to R-DNase { (G actin
probe; A-E) or R-P (F-actin probe; F-)) at 3 (preconfiuent; A and F), 6 (confluent; B and G), 10 {4 days post contlient:
C and H), 20 (14 days postconfluent; D and 1) and 32 (26 days postconfluent; E and ) days of culture. G-actin dictribution
(A-E) was diffuse with the appearance of enhanced fluorescence near the nucleus (N). Areas of punctate fluorescence
(arrows) were also noted, which increased in intensity by day 20 (D) and continued until by day 32 /™ most cells
possessed a region of intense punctate fluorescence. The F-actin distribution (F) in some precontluent cells (Y1) was
diffuse with few, if any, F-actin stress fibers, while in other cells {(Z) such fibers {arrows) were more numerous, At
confluency (G), cuttures demonstrated intense fluorescence with numerous F-actin stress fibers (arrows) that were
circumferential or traversed the cells. By day 10 (H), fluorescence intensity was diminished. F-actin stress fibers were
fine, not as numerous and some cells (X) appeared to lack fibers that traversed the cell. At dav 20 of culture (1
fluorescence intensity was also diminished. F-actin was mainly concentrated in the cell periphery (arrows) with many
cells (X) showing low fluorescence in the cell interior. Fluorescence intensity and F-actin arrangement at day 12 ot
culture (J) were similar to that seen at day 10 or 20. F-actin was noted in the cell periphery {arrows) and most «ells 00
lacked traversing F-actin stress fibers. Scale bar = 10 pm.
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Fig. 4. BAEC (day 3) were exposed to both R-P (f-actin probe) and fluorescein DNase 1 (G-actin probei. Cells were
observed under fluorescence microscopy with image enhancement. The G-actin pool (greend was distributed dittucely
around the cell nucleus. F-actin {yellow-orange) was located in the cell periphery and in stress tibers that traversed the
cell. Thus, the G- and F-actin distributions under simultaneous observation within the same cell were similar to those

noted when the actin pools were studied in separate cells,

fluorescence near the nucleus, this may
not represent an area of increased G-actin
concentration, since the region adjacent to
the nucleus is of greatest cytoplasmic
thickness and increased fluorescence
would be expected when viewing such an
area. Thus. although G-actin was visual-
ized throughout the cell it was unclear if
it actually existed in similar concentra-
tions in the various cellular regions.

In contrast, the in situ arrangement of
F-actin was concentrated in the region of
the cell periphery and in stress fibers. This
confirmed previous findings concerning
the location of F-actin in endothclial cells
studied directly from vessels (Gabbiani et
al. 1983. Herman et al. 1982, Rogers and
Kalnins 1983a,b, White and Fujiwara
1986. White et al. 1983, Wong et al. 1983).

When cultured under in vitro conditions.
the F-actin arrangement is quite distinct
from endothelial cells in situ {(Rogers and
Kalnins 1983b). As verified by the study
reported here, there was an increase in F-
actin stress fibers. which were located
both circumferentially and traversing the
cell (Fig. 2. F and G). However. with pro-
longed culture (= 10 days: Fig. 2. H-J). the
in vitro F-actin arrangement more closely
approximated the in situ condition. This
finding was relative to the shorter culture
periods (day 6: Fig. 2G). since photo-
graphic exposure times for the long term
cultures were the same as those used for
the short term cultures. If automatic ex-
posure times had been employed. the
longer term cultures would have appeared
to have had a greater fluorescence inten-
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sity. which would not have accurately de-
picted the true F-actin distribution.
Though this change (day 10; Fig. 2H) was
not observed to be uniform, areas of re-
duced F-actin and stress fiber density did
become more pronounced with time, such
that by day 20 (Fig. 2I}, this F-actin distri-
bution was predominant and was still ob-
served at day 32 (Fig. 2J). Quantitative
studies indicated that F-actin levels can
be reduced in some cell lines after obtain-
ing a state of confluence (Heacock et al.
1984). which these qualitative findings
support. Such data suggest that endothe-
lial cells in culture might best be studied
when maintained for a sufficient period to
allow for an F-actin distribution more in
keeping with that seen in the natural
state.

In spite of notable changes in F-actin
arrangement. the state of culture conflu-
ence had little observable impact on G-
actin distribution. G-actin remained dif-
fusely dispersed with only the appearance
of enhanced punctate fluorescence noted
after 20 days of culture (Fig. 2. D and E).
Since its appearance (day 20) did not co-
incide with the first sign of a reduction in
F-actin stress fiber density (day 10: Fig.
2H) and became more pronounced (day 32:
Fig. 2E) in the absence of any further
alterations in the F-actin pool {(day 32: Fig.
2J), the enhancement of punctate fluores-
cence associated with G-actin appeared
independent of the differences in F-actin
distribution. Thus, while F-actin arrange-
ment was dramatically altered by the de-
gree of confluence, it did not appear to
affect G-actin directly. Similariy, when cy-
tochalasin D treatment was used to alter
F-actin arrangement. no effect on the G-
actin pool was observed {Fig. 3). This cor-
roborate:l earlier quantitative findings
that cytochalasin D treatment of human
tumor cell lines does not result in net de-
polymerization of actin filaments (Morris
and Tannebaum 1980). Thus. the appear-
ance of increased diffuse and punctate F-
actin fluorescence associated with cyto-
chalasin D treatment (Fig. 3D) indicated
that the F-actin of the disrupted stress
fibers may have coalesced into these areas

15

and that they did not depolymerize to in-
crease the G-actin pool.

In conclusion, alterations in the distri-
bution of F-actin by the degree of con-
fluency or cytochalasin D treatment did
not appear to influence significantly qual-
itative differences in the G-actin pool. This
suggests that whatever quantitative
changes might have occurred in the G- and
F-actin pools. alteraticns in the G-actin
qualitative findings were unremarkable.
Although changes in G-actin may be too
subtle to observe due to the unstructured
nature of this monomeric protein, these
results suggested that F-actin alterations
occurred independent of substantial ef-
fects on the G-actin pool. In addition, since
modulations in F-actin arrangement and
actin stress fiber density were more read-
ily apparent than qualitative changes in
G-actin, filamentous actin might be the
principal factor in cellular functions influ-
enced by actin cytoskeletal changes. As
illustrated in Fig. 4, the simultaneous use
of fluorescent probes for G- and F-actin in
conjunction with image enhancement
might serve to facilitate the investigation
of the relative contributions made by both
actin pools to cellular function.

ACKNOWLEDGMENTS

The authors recognize the superior tech-
nical support of Robert J. Carpenter, Jr.,
Jay R. Hinkle and David H. Morehouse.
The contributions of Sam Wells, Ph.D. and
Weimin You in the simultaneous obser-
vation of the endothelial cell actin pools is
also greatly appreciated.

REFERENCES

Blikstad. 1. and Carlsson, L. 1982. On the dynamics
of the microfilament system in HeLa cells. J.
Cell Biol. 93: 122-128.

Blikstad. 1., Markely. F., Carlsson. L., Persson. T.
and Linberg, U. 1978. Selcctive assay of mon-
omeric and filamentous actin in cell extracts
using inhibition of deoxyribonuclease {. Cell 15:
935-943.

Bottaro. D., Shepro. D., Peterson. 8. and Hechtman.
H. B. 1986. Serotonin, norepinephrine and his-
tamine mediation of endothelial cell barrier
function in vitro. J. Celi Physiot. 128: 189194,




Pl

16 3y

Bottaro, D., Shepro, D.. Peterson, S. and Hechtman.
H. B. 4985. Sérotonin, norepinephrine, and his-
tamine mepiation of endothelial cell and vas-
cular smooth muscle cell movement Am. J.
Physiol. 248 {Cell Physiol. 17): C252-C257.

DuBose, D. A., Shepro. D. and Hechtman, H. B.
1989. Modulation of phospholipase A, Iytic ac-
tivity by actin and myosin. Inflammation 13:
15-29.

DuBose. D. As Shepro. D. and Hechtman, H. B.
1987. Correlation among endothelial cell shape.
F-actin arrangement and prostacyclin synthe-
sis. Life Sck 40: 447-453.

Gabbiani, G., Gabbiani. F.. Lombardi, D. and
Schwartz, 8, M. 1983. Organization of actin
cytoskeletoggjn normal and regenerating arte-
rial endothelial cells. Proc. Natl. Acad. Sci. USA
80: 2361-2364.

Gabbiani, G.. Badonnel, M. C. and Rona, G. 1975.
Cytoplasmic contractile apparatus in aortic
endothelial cells of hypertensive rats. Lab. In-
vest. 32: 227-234.

Heacock. C. S., Eidsvoog, K. E. and Bamburg, J. R.
1984. The influence of contact-inhibited
growth and of agents which alter cell morphol-
ogy on the levels of G- and F-actin in cultured
cells. Exp. Cell Res. 1563: 402-412.

Heacock, C. S. and Bamburg, J. R. 1983a. Levels of
filamentous and gisbular actin in Chinese ham-
ster ovary cells throughout the cell cycle. Exp.
Cell Res. 147: 240-246.

Heacock, C. 8. and Bamburg, J. R. 1983b. The
quantitation of G- and F-actin in cultured cells.
Ann. Biochem. 135: 22-36.

Herman, . M., Pollard, T. D. and Wong, A, J. 1982.
Contractile proteins in endothelial celis. Ann.
N.Y. Acad. Sci. 401: 50-60

Hitchcock, S. E. 1980. Actin-deoxyribonuclease [
interaction. Depolymerization and nucleotide
exchange. J. Biol. Chem. 255: 5668~5673.

Hitchcock. S. E., Carlsson. L. and Lindberg, U.
1976. Depolymerization of F-actin by deoxyri-
bonuclease 1. Cell 7: 531-542.

Jaffe. E. A.. Nachman. R. L., Becker. G. C. and
Minick, C. R, 1973. Culture of human endothe-
lial cells derived from umbilical veins. Identifi-
cation by morphologic and immunologic crite-
ria. J. Clin. Invest. 52: 2745-2756.

Kalnins, V. 1., Subrahmanyan, L. and Gottlieb, A. 1.
1981. The reorganization of cytoskeletal fibre

Brotes e X0 b histachiennstny

svstems in spreading porame endotiiclial vetls
in culture. Eur. J. Celt Biol. 24: 36 -443.

Korn, E. D. 1982. Actin polvmerization (ad its reg-
ulation by proteins from nonmuscle cells. Phyvs-
i0l. Rev. 62: 672-737.

Mannherz, H. G., Goody, R. S.. Konrad., M, and
Nowak, E. 1980. The interaction of bovine pan-
creatic deoxyribonuclease and skeletal muscle
actin. Eur. J. Biochem. 104: 367-379,

Morris, A. and Tannenbaum. J. 1980. Cytochalasin
D does not produce net depolymerization of ac-
tin filaments in HEp-2 cells. Nature 287: 637 -
639.

Payne, M. R, and Rudnick. S. E. 1986. Inhihition of
muscle tropomyosin polvmerization by DNAsc
I. Biosci. Reports 6: 721-726.

Rogers, K. M. and Kalnins, V. 1. 19583a. A method
for examining the endothelial cytoskeleton in
situ using immunofluorescence. J. Histochem.
Cytochem. 31: 1317-1320.

Rogers, K. M. and Kalnins, V. I. 1983b. Comparison
of the cytoskeleton in aortic endothelial cells in
situ and in vitro. Lab. Invest. 49: 650-654.

Welles, S. L., Shepro. D. and Hechtman. H. B.
1985a. Vasoactive amines modulate actin ca-
bles (stress fibers) and surface area in cultured
bovine endothelium. J. Cell Physiol. 123: 337~
342.

Welles. S. L.. Shepro. D. and Hechtman. H. B.
1985b. Eicosanoid modulation of stress fibers
in cultured bovine aortic endothelial cells. In-
flammation 9: 439-450.

White. G. E. and Fujiwara, K. 1986. Expression and
intracellular distribution of stress fibers in aor-
tic endothelium. J. Cell Biol. 103: 63-70.

White. G. E.. Gimbrone. M. A. and Fujiwara. K.
1983. Factors influencing the expression of
stress fibers in vascular endothelial cells in
situ. J. Cell Biol. 97: 416-424.

Weiland., T. and Faulstich, H. 1978. Amatoxins.
phallotoxins, phallolysin and antaminide: the
biologically active components of poisonous
amanita mushrooms. CRC Crit. Rev. Biochem.
5: 185-260.

Wong, A. J.. Pollard. T. D. and Herman. I. M. 1543.
Actin filaments stress fibers in vascular endo-
thetlial cells in vivo. Science 219: 867-869,

Kéwim‘: fFor

/
NTIS CRASJ
oTIC  YA@ 2
J4npnnounced W)
3usmucanon

- ————

By
Oigtridution {

Ava llab'my Codus
‘v#sl lnd Io}

S

el




